Low income, medically underserved communities are at increased risk for tuberculosis. Limited populationbased national data are available about tuberculous infection in young people from such backgrounds. To determine the prevalence of a positive tuberculin skin test among economically disadvantaged youth in a federally funded job training program during 1995 and 1996, the authors evaluated data from medical records of 22,565 randomly selected students from over 100 job training centers throughout the United States. An estimated 5.6% of students had a documented positive skin test or history of active tuberculosis. Rates were highest among those who were racial/ethnic minorities, foreign born, and (among foreign-born students) older in age (p < 0.001). Weighted rates (adjusting for sampling) were 1.3% for white, 2.2% for Native American, 4.0% for black, 9.6% for Hispanic, and 40.7% for Asian/Pacific Islander students; rates were 2.4% for US-born and 32.7% for foreign-born students. Differences by geographic region of residence were not significant after adjusting for other demographic factors. Tuberculin screening of socioeconomically disadvantaged youth such as evaluated in this study provides important sentinel surveillance data concerning groups at risk for tuberculous infection and allows recommended public health interventions to be offered. Am J Epidemiol 1999;149:671-9. adolescence; skin tests; tuberculin test; tuberculosis
Despite recent declines, tuberculosis continues to be a serious public health problem in the United States, with 19,855 reported cases of active tuberculosis in 1997 (1) . An important component of the strategic plan for tuberculosis control is use of the tuberculin skin test to screen members of high-risk groups for Mycobacterium tuberculosis infection (2, 3) . For many persons with a positive skin test, antituberculous therapy is recommended to prevent progression of latent infection to active disease (3) . Data from tuberculin skin testing can also provide valuable surveillance information to help identify and monitor groups at increased risk for M. tuberculosis.
Groups for whom tuberculin screening has been recommended include medically underserved lowincome populations (2, 3) . Factors that may contribute to the increased incidence of tuberculosis among such populations include limited access to health care, homelessness or substandard housing in settings that facilitate M. tuberculosis transmission, and coexistent human immunodeficiency virus (HIV) infection. The risk of tuberculosis is greater in areas of residence characterized by crowding, poverty, and lower education (4, 5) . Lower socioeconomic status may account for much of the increased risk of tuberculosis in certain racial/ethnic groups (5) .
Tuberculin screening of adolescents as opposed to older adults has a number of advantages. For surveillance purposes, infection in those who are younger may represent more recent acquisition of M. tuberculosis and therefore reflect more recent trends. Certain ages of adolescents may be at increased risk for active tuberculosis; one study of those with a positive tuberculin skin test suggested that the risk of progression to active tuberculosis is highest in very young children, rapidly falls to a low at about age 8, increases again after age 12 to a peak around age 19 years, and diminishes thereafter in adults through middle age (6) . Since the risk of isoniazid hepatotoxicity increases with age (7) , it would also be safest to administer isoniazid chemoprophylaxis in younger patients.
Data on skin test rates among adolescents and young adults have been obtained from testing of specific populations in different settings. In 1990, 2.5 percent of young adults entering the US Navy were skin test pos-itive (8) . Tuberculin skin test rates in various schoolaged populations have ranged from less than 1 percent to more than 10 percent, depending on the group being tested; rates have been higher among those who were foreign born (9) (10) (11) . However, limited populationbased national data are available about tuberculin skin testing in young people specifically from lower socioeconomic populations.
To address this need, we evaluated data from a federally funded job training program of the Department of Labor for socially and economically disadvantaged youth aged 16-24 years (12). As part of the entry medical examination, incoming students receive a tuberculin skin test. Such students are therefore a valuable sentinel population to help define rates of M. tuberculosis infection in adolescents and young adults from communities that may be medically underserved and at increased risk for tuberculosis. Data including tuberculin skin test results were abstracted and evaluated from the medical records of over 25,000 students from job training centers throughout the United States.
MATERIALS AND METHODS

Study population
During 1995 and 1996, data were abstracted from medical records of students at 110 sites belonging to the US Job Corps, a federally funded job training program of the Department of Labor (12). These represent all sites in this program except for one small center with an enrollment of <50 students and one atypical center that enrolls students from throughout the country for specialized training only. These centers were located in 45 states, the District of Columbia, and Puerto Rico. Eligibility criteria for this training program include being economically disadvantaged, a high school drop-out or in need of additional training to hold meaningful employment, and free of serious medical or behavioral problems. Of those students in this job training program during 1995-1996, 78 percent were high school drop-outs, 64 percent never held a full-time job, and 40 percent had families on public assistance (12).
The intake medical evaluation for this job training program includes a Mantoux tuberculin skin test. In the typical center, tuberculin tests were placed by a nurse, with students instructed to return 48-72 hours later for skin test reading by the nurse. Procedures used at different centers for those who missed appointments included calling students out of class to read skin tests and retesting. Results were recorded on a standard form that defines a "positive" result as >10 mm, a "doubtful" result as 5-9 mm, and a "negative" result as CM-mm; specific induration sizes were not recorded. Although the criteria for a positive test were standardized for all centers, the specific personnel and protocol for skin test follow-up varied from site to site. HIV testing was also performed on students living onsite at the job training centers.
Sampling
At each job training site, a list of currently enrolled students was produced. At those sites with an enrollment capacity of <250 students, all records were selected for data abstraction. Seventy-five percent of records were selected for abstraction at sites with a student capacity of 251-500, 67 percent at sites with a capacity of 501-1,000, 33 percent at sites with capacity of 1,001-2,000, and 25 percent at sites with a student capacity of >2,000. This sampling design was developed as an efficient way to help equalize the variance of the estimates of rates among large and small sites. The specific records sampled were selected by applying the sampling fraction to the last two digits on the students' Social Security number; all records with specified numbers and within a specified range were identified for abstraction.
Using a standard data collection form, trained nurse abstractors and other study staff recorded specific information (including tuberculin skin test results) from the medical record; personal identifiers were not abstracted. Abstractors also asked and recorded information about each site's procedures for tuberculin testing, including procedures for recording test results. To help evaluate the accuracy of medical record abstraction, a random sample of 35-50 records from a convenience sample of five centers in different job training regions was reabstracted by the study coordinator.
Analysis
The major outcome for analysis was a positive skin test or, for those not tested, a "positive history." A positive skin test was defined as a response >10 mm, or >5 mm in an HIV-positive person (2); smaller responses were considered negative. Students who did not have a tuberculin skin test placed but who had either a history of active tuberculosis or a documented positive skin test in their medical records were considered to have a "positive history"; a student report of a previously positive test without documentation was not considered sufficiently reliable. Students who did not receive a skin test because of a negative skin test documented within the preceding 12 months were considered as having a "negative history."
Because a different fraction of records was sampled at large and small sites, crude rates from the sample may not be representative of the entire student popula-tion in this job training program. To reconstitute numbers representative of the entire student population, we calculated a weighted rate, using the inverse of the sampling fraction for each site. We also calculated rates by demographic characteristics, including state of residence before entering this program. In multivariate analyses, states were combined into eight geographic regions: Northeast (Connecticut, Massachusetts, Maine, New Hampshire, New Jersey, New York, Rhode Island, Vermont); mid-Atlantic (Washington, DC, Delaware, Maryland, Pennsylvania, Virginia, West Virginia); Southeast (Alabama, Florida, Georgia, Kentucky, Mississippi, North Carolina, South Carolina, Tennessee); Midwest (Illinois, Indiana, Ohio, Michigan, Minnesota, Wisconsin); South Central (Arkansas, Louisiana, New Mexico, Oklahoma, Texas); North Central (Colorado, Iowa, Kansas, Missouri, Montana, North Dakota, Nebraska, South Dakota, Utah, Wyoming); Southwest (Arizona, California, Hawaii, Nevada); and Northwest (Alaska, Idaho, Oregon, Washington).
In this study, sampling was conducted within specific clusters (job training sites). Because data from the same cluster are likely to be more similar than data from different clusters, the independence of data within job training sites cannot be assumed. The extent of dependency of measures within clusters (sites) is measured by the intraclass correlation coefficient (13) (14) (15) , defined as the fraction of the total variance that is attributable to site. In tests of statistical significance and calculation of confidence intervals, variances were inflated by the design effect, defined as 1 + (n -1) x ICC, where n is the average sample size per site, and ICC is the intraclass correlation coefficient (13) . To account for the design effect, multivariate analyses were performed using a general mixed linear model (SAS PROC MIXED) (16), with weighted rates and with site and student as random factors. This procedure also computes adjusted means for each level of each categorical variable included in the model, representing mean prevalence estimates adjusted for other variables included in the model using the least-square means request in SAS software (16) . All variables were entered into the multivariate model as categorical variables. Adjustment was performed using the observed distribution of observations across each categorical variable (such as the number of subjects in each racial/ethnic group). For the multivariate model, relative risk estimates comparing different levels of a variable were calculated as the ratio of two adjusted means. Confidence intervals for weighted prevalence rates were calculated using the standard error determined by PROC MIXED software for the variable of interest. In the test-retest analysis of reabstracted data, variables were compared using kappa statistics.
RESULTS
Number of records evaluated
Medical records were abstracted from 25,835 students at 110 job training centers during 1995 and 1996. Eight sites, contributing a total of 1,765 student records, were excluded from analysis because of procedures for tuberculin test placement or reading which could have contributed to systematic error in rate estimates. One site used the wrong strength purified protein derivative (one tuberculin unit) for some students, four sites asked some or all students to interpret their own skin test results, and three sites recorded all skin test results as "negative" at the time of skin test placement, changing them to "positive" if necessary.
Of 24,070 medical records from the remaining 102 job training centers, results of tuberculin testing were in the medical record for 22,201 students (92.2 percent). We also included in this analysis records from six students with a history of active tuberculosis, 253 with a positive skin test documented previously, and 105 with a negative skin test documented within the preceding 12 months. We excluded records from 340 students who did not have the skin test placed for other reasons, including a positive test by student history only or very recent arrival in the job training program. Records from 782 students who had the skin test placed but not read were also excluded as were 383 records for which there was no documentation of skin test placement or reasons for nonplacement. Students whose records were excluded were more likely to be Asian/Pacific Islander or Native American and were more likely to be foreign born.
Reabstraction and reliability
A sample of 200 records was reabstracted from five sites. Test-retest agreement for five selected variables was 99.5 percent for sex, 98 percent for race/ethnicity, 98 percent for skin test result, 93.5 percent for size of home residence, and 98.5 percent for public assistance status, with kappa values of 0.86-0.99. Discordant abstraction for variables such as skin test results typically occurred when one abstractor located the results in the record while the other recorded it as "missing"; in no case was one skin test result "negative" and the other "positive."
Characteristics of study sample
Characteristics of students in this analysis are summarized in result; the weighted rate for a positive HIV test was 0.15 percent (95 percent confidence interval 0.10-0.21). Of students identified as foreign born, 29 percent were Central American, 27 percent were Asian, 24 percent were Caribbean, 8 percent were African, 6 percent were European, 3 percent were South American, 2 percent were from Oceania (including Australia, New Zealand, and Pacific islands), and less than 1 percent each were Canadian and Middle Eastern. The largest number of foreign students were from Mexico (n = 366), followed by Vietnam {n = 181).
Rates of a positive skin test or history
Of all students who were skin tested, 942 had a skin test response of >10 mm, 181 had a response of 5-9 mm, and 21,078 had a response of <5 mm. Of 26 HIVpositive students who were skin tested, none had a response >10 mm, one had a response of 5-9 mm, and 25 had a response of <5 mm. Of the 22,565 student records included in this analysis, 943 (4.2 percent) had a positive skin test (including the HIV-positive student with a 5-to 9-mm response), and 259 (1.1 percent) had a history of active tuberculosis or a positive skin test documented previously.
The weighted rate of a positive skin test or history for all students in this job training program was 5.6 percent (95 percent confidence interval 4.6-6.7) (intraclass correlation coefficient = 0.0385, design effect = 9.48). The prevalence of a positive skin test or history for different job training sites ranged from 0 to 26.2 percent. Of 102 sites in this analysis, 22 sites had a positive rate of <1.0 percent, 45 sites had a rate of 1.0-4.9 percent, 23 sites had 5.0-9.9 percent, and 12 sites had rates >10 percent. Weighted rates by specific characteristics are shown in table 1. The highest rates were for those who were foreign born or Asian/Pacific Islander. The weighted rate for HIV-positive students was 2.6 percent, with a wide 95 percent confidence interval (0-10.7 percent) because of the small numbers evaluated.
The country of birth was indicated for 13,474 (60 percent) records; the weighted rate of a positive test or history was 6.2 percent for those with and 4.8 percent for those without country of birth in the medical record. Among students identified as foreign born, weighted rates were 48.1 percent for those from Asia, 45.9 percent from Africa, 36.3 percent from Oceania, 28.5 percent from the Caribbean, 23.9 percent from Central America, 18.2 percent from South America, and 9.2 percent from Europe (p < 0.001); numbers from Canada and the Middle East were too few for precise estimates. Of countries from which there were >20 students, the highest weighted rates were for students born in China (69.5 percent), Somalia (59.0 percent), Guatemala (53.4 percent), Vietnam (49.2 percent), Philippines (46.9 percent), El Salvador (45.0 percent), Ethiopia (44.1 percent), and Haiti (43.2 percent). Of the four Asian countries from which there were >20 students (representing 78 percent of all foreign-born Asian/Pacific Islander students), three had weighted rates of >45 percent.
Weighted rates of a positive skin test or history were also evaluated for place of residence prior to entering the job training program. As summarized in figure 1, rates were <3.0 percent for those from 29 states, 3.0-5.9 percent for nine states, 6.0-8.9 percent for seven states, and >9.0 percent for five states and the District of Columbia. Weighted rates were highest for those from southwestern states, followed by northwestern and northeastern states, and lowest for those from midwestern states, followed by north central states (table 1) .
Multivariate analysis and interaction
When sex, race/ethnicity, age category, education level, size of city of residence, and geographic region of residence were entered into a multivariate model, age and race/ethnicity were the strongest predictors of a positive skin test or history (p < 0. with a positive skin test or history were age category, race/ethnicity, and foreign birth (p < 0.001); the geographic region of residence was no longer statistically significant (p = 0.41). For each category of these three variables, table 2 presents the adjusted (least square) means and the estimated risk ratio, taking the initial category within each variable as the referent.
We next included interaction terms among these three variables in our multivariate analysis. The final model describing factors significantly associated with a posi- tive skin test or history included age category, race/ ethnicity, and foreign birth; the interaction between foreign birth and race/ethnicity; and the interaction between foreign birth and age (p < 0.001). To help describe the interaction of these three factors, table 3 presents weighted rates of a positive skin test or history, for race/ethnicity and age group, stratified by foreign birth. Among foreign-born students, rates significantly differed by both race/ethnicity and age group (p < 0.001). Among US-born students, rates significantly differed by race/ethnicity (p < 0.001) but not age (p = 0.12). Because of potential biases associated with missing information on country of birth, we repeated our multivariate analysis for 42 sites in whom country of birth was recorded on at least 85 percent of medical records. The same variables remained significantly associated with a positive skin test or history. Inclusion of HTV status in the final model also did not change our conclusions.
Follow-up
Of students who had a positive tuberculin skin test while in the job training program, 85 percent had a documented chest radiograph in the medical record. Only one student with a positive skin test was diagnosed with active tuberculosis while in the program. Of students who had a positive skin test while in the program, 69 percent had documentation in their medical record of receiving isoniazid chemoprophylaxis while in the program.
DISCUSSION
Based on evaluation of over 22,000 records from students who were enrolled in a federally funded job train- ing program, an estimated 5.6 percent of these socioeconomically disadvantaged youth had a positive tuberculin skin test or history consistent with a positive skin test. Although all demographic groups were at some risk of M. tuberculosis infection, rates were higher among the foreign born, racial/ethnic minorities (especially Asian/Pacific Islanders), and (particularly among the foreign born) older students. Although there was also considerable variation by region of residence, after adjusting for other variables such as race/ethnicity and foreign birth, regional differences were no longer significant.
The strongest determinant of a positive skin test or history in this study was foreign birth. These findings are consistent with studies of US Navy recruits, most of whom were aged 17-24 years; among males, foreign-born recruits were 7.3 times more likely to be tuberculin reactors (8) . Tuberculin screening studies in schools have also found higher rates in foreign-born children (9) (10) (11) . Although it is possible that some positive skin tests in foreign-born students were due to previous vaccination with BCG, the probability that a positive skin test is due to tuberculous infection increases when the patient's country of origin has a high rate of tuberculosis (2) . In this study, the highest rates of a positive skin test or history were among foreign students born in Asia or Africa, regions of the world with high tuberculosis case rates (17, 18) . In our study, high skin test rates were also identified for students from individual countries with high tuberculosis case rates, such as Haiti and Vietnam (17, 19) . The finding that older age was a determinant of a positive skin test or history among foreign-born students also makes M. tuberculosis rather than BCG a more likely explanation for a positive skin test. Since vaccinationinduced reactivity to BCG tends to wane over time (2, 20) , skin test responses due to BCG should be less common in older students.
An increasing proportion of US tuberculosis cases are occurring in foreign-born persons; most of these cases were younger than 35 years of age or arrived in the United States before their 35th birthday (19) . For many immigrants to the United States, screening with a chest radiograph and sputum examination (if indicated) is performed to rule out active tuberculosis (21) . Tuberculin screening of foreign-born youth and young adults would permit early identification of those with latent M. tuberculosis infection who could benefit from preventive therapy.
A second finding from this study is the higher rate of a positive skin test or history among racial/ethnic minorities. Our findings are consistent with US surveillance data, with higher tuberculosis case rates among minority populations (22) . The higher tuberculosis rate in racial/ethnic minorities reflects a complex interplay of factors, with socioeconomic status as an important potential confounder (5) . Studies of US Navy recruits found that, among males, black and Hispanic recruits were approximately six times more likely than whites to be tuberculin reactors (8) . Lower estimated risk ratios of approximately two times more for blacks and Hispanics compared with whites in our multivariate analysis may reflect the ability of this study to at least partially control for socioeconomic status because of enrollment criteria for the job training program. However, although all students in this program come from disadvantaged backgrounds, they still represent a socially and economically diverse group, with different levels of factors such as poverty and crowding that may contribute to the risk of M. tuberculosis infection.
Among both foreign-born and US-born students, tuberculin rates were highest among Asian/Pacific Islanders. Studies of male Navy recruits also found that Asian/Pacific Islander recruits were significantly (12.7 times, compared with whites) more likely to be tuberculin reactors (8) . Why skin test rates among USborn Asian/Pacific Islander students were higher than those among other US racial/ethnic groups is unclear. Given the high tuberculosis rates in many Asian countries, possible explanations include travel to high prevalence countries or greater domestic exposure to those with active tuberculosis (such as household members born in high prevalence countries). This question deserves additional epidemiologic evaluation.
Because of the sampling strategy used in this study, our analysis was adjusted in two major ways. First, a different fraction of records was sampled at large and small sites. Because the characteristics of our sample were not identical to those of the entire student population in this program, we calculated weighted estimates to be more representative of the target population. Second, sampling was conducted within intact clusters (job training centers). There is likely to be greater homogeneity within sites than between them. Homogeneity within sites is reflected by the intraclass correlation coefficient (13) (14) (15) . Use of the general mixed model with site as a random factor in our analyses allowed us to correct estimated standard errors for added variance due to homogeneity within sites and the intraclass correlation coefficient.
Our results are subject to several potential limitations. Because students in this job training program are from socially and economically disadvantaged backgrounds, they may be at greater risk for M. tuberculosis infection than many other adolescents and young adults. Rather than being viewed as representative of all US adolescents, these youth should be thought of as an important sentinel population to help evaluate the prevalence of tuberculous infection in this country. Data from different sentinel populations can provide relevant and necessary information to help monitor trends and evaluate control strategies for a variety of public health problems (23, 24) .
Although weighted rates by state of residence were reported, such rates should be interpreted cautiously. Data from one or two centers, which sometimes accounted for most students from a given state, may represent only a limited segment of individuals from that state. In addition, for some states there were relatively few students included in the analysis, leading to wide confidence intervals in our estimates.
Another potential limitation in our analysis relates to missing data. Although information on variables such as sex, race/ethnicity, and age was present in over 98 percent of medical records, country of birth was present for only 60 percent of records. This information was to be filled out on the medical examination form but often was not recorded by the health care provider. To help determine whether missing data may have biased our overall conclusions, we conducted separate multivariate analyses restricted to those sites with country of birth data for at least 85 percent of medical records; our conclusions concerning factors significantly associated with a positive skin test or history remained unchanged.
Although the great majority of sites performed tuberculin testing consistent with recommended guidelines, questionable practices were identified at certain sites. Of note, some sites instructed students to return only if they had a skin test reaction that might represent a positive response. Although one study of selfassessment of tuberculin tests found that fire fighters and fire officers had a good ability to identify a "not flat" skin test result (25) , it is recommended that patient self-reading of tuberculin skin test results should not be accepted (26) . Our findings stress that persons conducting such screening should be trained in correct procedures for skin test placement, follow-up, interpretation, counseling, and recording of results.
In summary, our results indicate that socially and economically disadvantaged youth are at risk for M. tuberculosis infection, with the greatest risk among certain racial/ethnic minorities and those who are foreign born from high prevalence countries. Targeted screening with the tuberculin skin test has been recommended for a number of high risk groups, including medically underserved, low-income populations (2, 3) . Although rates were higher in foreign-born students, even among US-born students, we estimate that 2.4 percent had a positive skin test or history. Tuberculin testing in settings such as this job training program allows recommended public health interventions to be offered to those from medically underserved communities and provides surveillance data necessary to help monitor the occurrence of tuberculosis in this country. In addition to helping evaluate the current status of this public health challenge, screening programs for adolescents and young adults offer a valuable opportunity to prevent future cases of active tuberculosis from developing.
